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Introduction
Non-linear ODE play an important role in many physical and technical applications and are essential tools for modelling many physical situations [1] [2] [3] [4] [5] [6] [7] [8] [9] such as chemical reactions, spring-mass systems, bending of beams and so forth. Most of these type equations have no analytical solution and numerical methods are required to obtain approximate solutions [1] [2] [3] . Recently, authors in [10] [11] [12] [13] [14] [15] have presented the matrix and collocation methods for solving linear and non-linear differential and integral equations in terms of special polynomials. In this study, we develop the mentioned matrix and collocation for solving the m th -order ODE with non-linear terms in the form: 
Also, the sequence of Hermite polynomials, ( ) n H x , satisfies the recurrence relation:
Fundamental matrix relations
Let us consider the m th -order non-linear differential eq. (1) and find the matrix forms of each term in the equation. We firstly convert the solution ( ) y x by a truncated Hermite series (3) to matrix form:
A a a a =  Also, by using the expression (6), for 0,1, , n N = … , we find the recurrance relation between the matrix ( ) H x and its derivative ( ) ( ) 
By using eqs. (7) and (8), we have the matrix relation:
In addition, we can obtain the following matrix forms of the expressions
( ) ( ) y x y x , (2) 
Now we can define the collocation points as:
By substituting the collocation points, eq. (11), into eq. (1), we get the system of matrix equations, for
or the compact form: where ) , ,
By putting the collocation points (11) into the matrix relation (9), we obtain the matrix equation, for 0,1, ,
where ( )
On the other hand, we can write the non-linear part of eq. (12):
Besides, by substituting the collocation points (11) into the relations (10.1)-(10.6), the matrices
Y , and (2, 2) Y are obtained:
where
Hermite matrix collocation method
We now are ready to construct the fundamental matrix equation corresponding to eq. (1). For this purpose, substituting the matrix relations (13)- (15) into eq. (12), we obtain the fundamental matrix equation:
or the compact form: 
 Besides, by using the matrix relation (9), the matrix relation for the mixed conditions (2) is obtained:
or briefly: 
a n N = … related with the approximate solution (3) of the problem (1) and (2), by replacing the m row matrices (18) by the last m rows (or any m rows) of the augmented matrix (17), we obtain the resulting matrix: 
a n N = … are determined; therefore the truncated Hermite series solution (3) is obtained:
Accuracy of solutions and residual error estimation
We can check the accuracy of the obtained solutions as follows [16] . Since the trun- a b , the accuracy of the solution can be controlled and the error can be estimated [17] .
Thus, the upper bound of the mean error n R :
Moreover we use different error norms for measuring errors. These are defined:
e y x y x = − also y and N y are the exact and approximate solutions of the problem, respectively [18] .
Numerical example
The method of this study is useful in finding the solutions of a class of non-linear equations in terms of Hermite polynomials and the accuracy. We illustrate it by the several numerical examples and perform all of them on the computer using a program written separately in MATLAB R2017b. 
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Example 2. Consider the second order non-linear differential equation of the form:
with the initial conditions [20] : fig.1 and the absolute errors are demonstrated in tab. 4. In tab. 5, for N = 5, the solutions, exact and obtained with Taylor matrix method and suggested method, are compared [19] . fig. 2 for N =2-5. 
It is solved with the suggested method for the boundary condition: 
Conclusion
Non-linear differential equations used in engineering, physics, mathematics or in many modelling problems are usually difficult to solve as analytically. In this study, to solve a class of non-linear differential equations with boundary conditions, we introduce a matrix method depending on Hermite polynomials and collocation points. Also the residual error analysis has been also developed for the accuracy of solutions. The present method and the error analysis procedures are applied to some examples which have been solved by Taylor matrix method in the literature. The results related with examples have been shown in tabs. 1-5 and figs. 1 and 2. As it is seen from the numerical examples, the method provides a better approximation than the other methods such as Taylor matrix method. A significant advantage of the proposed method, the Hermite coefficients of the solution can be found obviously by developing computer programs. The method also can be developed and applied to solve other high order non-linear differential equations with new strategies.
